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This report summarizes the design and prototype tests of
zingle wire drift chambers to be uzed in Fermilab test beam lines The gog!
12 to build simple, reliable detectors which require 3 minimum of

slecironics Spatial resolution should match the 300 um rms resoiution of
ine 1onm proportiona! chambers that they will replace. The dEJ.?.?.E:?Ht 3oyl

ge used in bearms with particle rates up Lo 20 KHz. Single track efﬁx::%ern::g

should be at jesst 99% The first application will e in the MT bearmii

which has been designed for calibration of COF detectors. & set of four 2y
it

mnjulez be used to track and measure the momenium of beam
il
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MECHANICAL DESCREIPTION

One chamber module consists of four htlwpx—'mjf—' single wire
drift cells, each with an active ares of 102 mim by 102 mim. Two cells have
vertical wires to measure s horizontal coordinstie, and the other two cells
have horizontal wires to measure & vertical coordinate One cell has it
gnode offset 203 mm to one side of the center, while the other cCel
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measuring the same coordinate has its anode offset 2003 mim 1o the other
side. This resolves the lefi-right ambiguities and provides a constant
roniior of the electron drift veiocity.

The various tayers of anodes, cathodes, cell isolation foils, and

spacers are stacked on alignment ping mounted on &g 127 mm thick
alurninwm base plate. Locations of individual ancde aruj cathode planes are
maintained 1o £25 pm by the pins. A1l anode planes are interchangeable,
with the absolute position accuracy of all anode wires Demg +125 urm with
resoect to the base plate centerline.

There is no qa' seal betweean layers within the detector stack.
& ramovable aluminum boy cover bolts to the base plate and has an i'i—rirg
gas =eal. High voltages and anode signals pass through the base plate using
connectors sealed with epoxy. Mylar beam windows of 125 wm thickness

cover 162 mm by 102 mm hales in the upstream and downstream aluminum
hox Taces The air teak rate of the prototype assembly was measured {o be



250 oo/he 8t 2.0 psig, which corresponds to 3 colhr at the likely operating
pressure of 1.0 inch of water

A cell consists of an anode plane centered in g 2.5 mm total gap
petween a pair of field shaping cathode planes. & 15 um thick grounded
lurminum Toid iz locsted 25 mn to the oulside of esch cathode fo

tectrostaticelly isolate that cell from other cells in the chamber The
crossection of an inside edge of one cell iz shown in Figure 'l The yarious
layers have different inside dimensions in ordar io make the hich voltage
breskdown path across the insulator surfaces longer than the oreskdown
oath through the gas

£

sehoanode plane is 8 single sided printed circuit with the
Tayout shown in Figure 201t has sn 85 pm diameter ceryiiium copper freid
wire gt 2ither edge of the active area These field wires are opersted ot
the same poteniial as the nearest cathode plane field wires in utd gty
vnprove the linearity of the drift field near the cell boundaries. A single
25 wm diameter goid plated tungsten anode wire is located 203 mm Lo the
left of center. A schematic of the circuitry inside the box for one cell i
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shown in Figure 4. The snode wire is operated st & pozitive high vol 339
The output -mﬂtﬂ iz decoupled from the high voltage with s 10 nF 75Ky
capscitor. & 10 M resistor in series with the power supply limits the

peak charging current to the wire.
The l“ﬁf"fl'n:lP D!*H‘!TPU circuit lagout 15 shown in Figure 20 The

noard has solder pads for 91 field shaping wires, Cathode wires are 35 pm
dtameter Deryilium e:xrsp{wr spaced 207 mmoapart. A resistor diviger
retwaork on the board supplies the reauired potentisl distribution The

5 twen 100 ME 14 watt 18 metal film resistors in
series per field 'u'mtaqe increment. For g drmift field gradient of 1200
flom, the “nH age across each resistor is 100 Y. The divider current 13
PO pa ) which 1 10,000 hme-:: he gavarage current draw of the chamber in
a 20 KHz bearn. The five field wires nearesi to the anode are isolated from
the divider by 1.00 M@ series resistors to limit the discharge current from
the decoupling capacitor in the event of a high voltage breakdowr,

ELECTRONICS

The chamber amplifier/discriminator used for the prototype
studies was designed at Indiana University in 19757 Figure 5 shows the
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circuit schematic for the 16 channel card The input impedance iz 570 9
Tha circuit yses three stages of ECL 10116 differentisl recefvers, which
are DD coupted in series for oan overall gain of s:u:fl:ir’m.lrri:f tely 720 The
input offset of each channel is trimmed with a potentiometer The inputs
are protected from large pulses by diodes. The inputs of Three Chxj E!‘ use
the three receivers of one T Tor the lowest wu?‘wge arnplification stage
Separate [0 are used Tor intermediates and hig BT wm‘amn to
mintmize otray Teedback. As the fnput threshold 15 lowered 1o Zera, the
putput goes through the transition from low to high state “.-‘=:‘I'T.%'a out
ezcillation The sensitivity of fnput threshodd to power supply “M age 1S
05 aa/Y The temperature coefficient of the threshold is 4.0 nAS 0 & new
four channel PC board 15 being prepared.
Time 5‘. wing of the amplifier was measured with a pul

1)
gqensrator and a series of atienuators. The :mmlmpr was set to g threshold
f}*{ 4.[3 s, and He input to output delay was measured for diff
udr mput pulses. Figure 6 shows thal the variation in delay, or time
12 7 ons foroan input range of Z to Z0 times threshold, This

‘jmpl es tooa dritt position i‘r‘*EﬂEJf‘Prrn—ni? arror of 450 pmoin a i-hdrr =18

uzing a 30% argon - SO% ethane gas ¢ TLH“ and a 1000 Viom drift field
Howevar, this error will be much -small n Drad ce, because the spread
in chamber pulse heights will be only a factor of twao

EFFECTS OF CABLIMG OHN TIME EESOLUTION

Measurements of amplifier time slewing were also made using
chamber zignals from & Eulo6 source. The gas mixture was S0% argon -
10E carbon dioxide, The amplifier output was sphit into two paths. One
path went directly to a discriminator to generate a TDC start signal The
discriminagtor threshold of 50 mY was only 6% of the maxirmum pulse
height, =o it accounted for a small fraction of the slewing, which a;

&
caused by slow rizetimes.The other amplifier output travelsd throug
sither 1320 T or 295 1 of RG1OS twinas cable before ger eraﬂnq the TD
? wtions are shown in Figure 7a, with the chamber

_ : high voitage efficiency pla‘rea , and in Figure

?b, oy ‘Jﬂts‘J the efficiency plateau. For 120 ft of cable the time sfewing
15 25 nz FWHM at the edge of the plateau and 5.2 nz FWHM 100 Y onto the
ate Lot ¢ the results are 16 nz and 4.3 ns Time slewing



t= armaller with the Tonger cable, because the cable atienustes the leading
ed;e of the faster msetime Eg rals more strongiy, thus bunching ine
setime spectrum. D he production system will use Twist-n-Flat cable
"-"’(";?.?'! the ! Ongest run bo :E;igna] repaaiers Dl-‘lﬂll 150 1 Thiz cable has &
risetimne -._!mgarabie to the 295 ft of twingx used in the sbove
measirements.
The risetimes to the EI:Z!_ crozsover voltage were measured Lo
be 15 ns for 250 1t of twinay, 7 ns for 100 f1 of Twist-n-Flat as shown in

z 5o for Z00G 7L of T ist-n-Flat, and 40 ns for 200 U of
wisi-n-Flai The shallow woitage slope 2l ECL oroszover abistned with

sbles makes the sysiem Timing more sensitive to noise Figure 9
presents an e;r-:ampia of the amount of time measurement error introduced
by 100 my p-p of differential noise as a function of Twisi-n-Flat cable
Yength; 15 ns of drift Lime corresponds to about 1 ommoof drift distance
Photographs of chamber signals at the end of 100 ft of Twist-n-Flal are
shown in Figure 10g for a Rul06 source at the platesu edge {1517 VY ard
‘w"‘ﬂ"‘f Y oonio the platesu, and in Figure 10D for Fe33 signals at the same high
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CHAMBER PERFORMANCE

The chamber gain a3 a function of high voltage was measured by
n'.:'mnq the amplifier thres huH and determining the corresponding anode
high woltage which produced S0% efficiency. Efficiency was measured with
zezmpr’r_ ’m tracks through a pair of scintillation counters Figure t1 shows
the tesi sefup The gas mizture was S0F argon - 508 ethane. Result

5 are
presented in quurp 12 for the threshold range of | 1o 3 pa. The Hluge 5
approximately a factor of two gain change per 904,

F::gure 12 shows typical high woltage efficiency and anode
singles count rate plateaus for S0OX argon - 30% ethane and an amplifier
F'f'P“*’!HW of 2.0 ua The efficiency rises froam zero to masimur with about
700 % change in the high waltage. Using the chamber gain factor
determined above, this suggests that the chamber DI.H-:E:E% height spectrum
Tor Ruloa has a tull width of about & factor ﬂT’ five, i.e., the magimum
DU’HEZE height 15 Tive times the minimum pulse height. The em| jency ris

OF to 0% In | ””"; g spread af 2.3 in pulse hqu 1t The spectrur b
s narrowar width Tor minfmum fonizing tl pam tracks.



The plateaus of three different cells were studied using o
argon - S0F etnane and 8 2.0 p& threshold. For Eul06 tracks passing close
tu each anode the SOF efficiency point varies by only 6 Y. Based on this
measurement all four cells within a module will be operated al the same
anode high voltage from a single power supply. The sttt in plateau was
studied for a 6 om drift (7 om o is the mazimum possible) compared o
ezzentialiy zero drifi Fnr the two LHHC. with 2 mm field wire piich the
EO% efficienc mma Ling 4

which was

i

yoooint shifted ups Mnrd by an average of 20 %,
toss of about 123 of the primary elecirons. For the third o
maditied to have 4 mm field wire DHM . the p}afpnu 5 a5
indicating a lozs of about 358 of the primary electrons, For this reason 2.0
mim field wire Ditl howill be used in the production chambers

Figure 14 shows the drift velocity in 50% argon - 50F ethane
Tur;mam of Hw drift field. Drift velocity saturstion sets in at about
4._11125 Wiom, however, the velocity continues to increase gradually with
creasing field ;_I*lH velocity is approximetely S5 omdps at 500 W/om
Tﬁr‘e nroduction chambers will operate with g drift field of approximately
1000 W em

..,
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A typical drift Lime spectrum for cosmic ray tracks using @ gas
mixture of 90F argon - 10% carbon diokide is shown in FNL]HFF‘ 15; the drift
field 15 570 %/ om The average drift velocity is 2.0 cmdus,
The Tinearity of drift velocity in the vicinity of an anode wire
studied with cosmic rays by comparing the measured drift time in
1 2 to the predicted drift time based on the measured drift times in
15 1 and 3 The cell 2 anode is on the opposite side of the detector
centerling from the cell 1 and 3 anodes; therefore, most tracks near snode
2 are much farther from anodes 1 and 2 and are in the Ynear region of
thoze cells Scatter plots were made for the messured cell 2 drift ’fmw
the ey {ZEZTHd drift time calculated from the average of the drift times ir’x
cells 1and 3 Figure 16 is for D0% argon - 50% ethane st 770 Y 'rm while
Figure 17 is for 90F argon - 10% cerbon dioxide at 370 Wiono The
zoatiering of background points is caused by left-right ambiguities which
the anslysis prnqrarw is not soph '5 cated enough Lo IESH“P correctiy The
argon - ethane mixture clearly has much better Tinearity, Argon - carbon
dioxide produces nonlinearity over o "mnn of at least +1 crm oaraund the
anode wire. Argon - ethane will be used in the production chambers
Time resolution studies were done with both of the m*evmu:s:]g




nentionad gas mixtures. The time resolution 15 presented in the HDN ras 3z
the difference between the measured drift time for cell 2 anc
catcuiated drift time for 'eH 2 using measured drift Ltimes from ZEH

the
L 5 1
7 3 Theze resylting drift time "error”™ distributions include both the

£

i 1A
arror from cell 2 and the error from the caloulated drift Lime Let ofcell)
bo tha rme measurement error per cell, The rims error of the calculated
drift time 15 then olcell)/ w2 | since the calculation me ey the average
of two uncorrelated measurements. The oltotal) of the distributions in the
figures 1= the sum in quadrature of oicell) and oicell)/ 42 Thus afcelly =
oA oitatal),

.c.

Cosmic ray data for the entire Eu‘T jeares of the detector ysing

SOFE arqon - S0F ethane are presented in Figure 18, The horizontal scale s
128 nefbin The FWHM of this distribution s

V6 inzi(2 TOC counts/Din)(2S pmd count) = 1120 um

The global resolution per cell is then o = 290 gm This walus should
improve Tar beam tracks, which are all nearly normal to the cells. &
similar cosmic ray measurement with 90% argon - 10FE carbon dioxide iz
shown in Figure 19 [t has & innq tail caused by the nonlinear drift

yelocity The harizontal scale 15 2.5 ne/bin

Anather resolutian "Pa':urwrmnf using the argon - carbon
dioxide mixture and & well collim hsaj Ful06 source, and requiring that the
analyzed eventz all have cell 2 in the single TOC count 1190, 15 shown in
Figure 200 The horizontal -5:319 i3 ‘.2 ns/bin. This localized measurement
yields & resolution per cell of 280 jum but to take advantage of this
resolution, a correction would have to be applied for the variation in drift
velocity across the celll

CHAMBER AR STUDY

when the chamber operates with a non-saturating gain, the
ancde pulze risetime iz equal to the spread in drift times of the e%e_trrm
fram the initial fonization track The following as :mn;:rhsm wEre used ta
produce 3 simplified model of the relative drift times from different
pnm’f~ dlnnq the jonization track: (1) the track is norual to the chamber,
21 the drift path is paraliel to the midplane of the chamber until the last
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S mm oof cell lengih from the anode, at which point the siectron turns
GDIHD”J toward the anode, and (3) the drift velocity is constant at |
crdps The resulting drift time distribution predicted by this model 1'-5;
sented in Figure 21 For the chamber described in this report, with an
de to cathode gap of 5 mm, the electrons arrive at the anode over @
ner uej ot 42 ns

when the chamber 1= operating at the edge of 115 high voltags
afficiercy nlateau Tor & given oarticle, tonization must be collecled Trom
the entire +5 mm path length in order to saturate the amplitier output The

i

wn

1ier has 5 Hinear gain response 1o input =1qrm¥ between zerg ang 2
_i_i.A, and ‘qu *'BHu uDer'ﬁ’fP% with & threshold of 2 pA. Thus g pulze with 3
cizetime of 42 ns is produced. 1T the chamber signal 15 increased oy 3
factor of ? it 1 PIT e by raising the high voltage 90 % or Dy having & maore
strangiy fonizing incident particle, then the amplitier will saturale with

charge collected from the central 25 mm (the shortest onift

......... - ISR o

Mretance) and wil) have a rizetime of only 12 ns
in the case of Butog, which produces tracks with & total spread
of Sx in primary ionization, the model predicts a time spread of 40 ns Tull
width at the edge of the plateau or 10 ns Tull width 100 % onto the
it‘;a?PaH These predicted values are close to the messured values in
Figures Ta and 7o, with the longer measured tails probably being produced
nu tnclined tracks
For g 10 mm long minimum jonizing track the average number
of orimary electrons produced is 30, so the pulse height distoibution will
have an rms width of 18%. Under these conditions the model predicts a
e spread of 6.0 ns rms at the plateay edge or 2.3 ng 100 Y onto The
’!‘3*-3_. Fi qm’ﬂ 22 shows the calcutated time spread as a tunc Hnn ot the
anode to cathode gap, when the chamber 15 operating 100 % onio the
latesy A :1 poof 9 ‘:u it has been chosen, with the time stewing condition
setting the upper Nrmit, and general ease of mechanical construction
zetting the lower Hmit, The chamber will operate 100 Y I“F'ITH the platesu.
The contributi nn s to overall chamber !‘:::Hmnn iciude (1) q-:t'
giffusion, (2) the spread in drift path length described db!ms, and (2]
electronics time slewing Gas diffusion comtributes 260 pm rms for the
rasimurm drift of 7 oom, or 140 U m orms form 3 typical 2 om arift.2 The
drift path length wariation contributes 3.5 ns = 190 wmorms. Amplifier
Slewing contributes 2.7 ne = 200 g orms, When these Tactors are added
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in guadrature tne overall resolution s predicted fo be J30 pm for a 7

——r

crnodmfroor 310 opm foroa 2 oom o drift, The measured values Tor cosmio
igtent with these predictions.
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Crossection of the edge of a cell
Anode printed circuit

Cathode printed circuit

Circuit diagram for one cell
Chamber amplifier schematic
Amplifier time siewing

. Time slewing for chamber signals at the plateau edge
. Time slewing for chamber signals 100 V onto the plateau

ECL signals after 100 ft of Twist-n-Flat cable

Drift error caused by 100 mV of noise as a function of cable
length

Ru106 signals after 100 ft of Twist-n-Flat cable - at the edge
of and 100 V onto the plateau

FeSd signals after 100 ft of Twist-n-Flat cable - at the edge
of and 100 ¥ onto the plateau

Chamber test setup

Chamber gain as a function of high voltage
Typical singles rate and efficiency plateaus as a function of
high voltage

Drift velocity in 50% argon - 50% ethane as a function of field
Cosmic ray drift time spectrum for an entire cell

Drift velocity measurement setup

Drift velocity linearity in 50% argon - S0% ethane

Drift velocity linearity in 90% argon - 10% carbon dioxide
Global time resolution for cosmic rays in argon - ethane

Global time resolution for cosmic rays in argon - carbon dioxide
Time resolution for Ru106 tracks at one drift distance in argon
- carbon dioxide

Electron drift time spread vs. anode to cathode gap
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Anode printed circuit

Figure 2.
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Figure 5, Chamber amplifier schematic
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input to Output Delay (ns)

Figure 6.

iU Amplifier Time Slewing

y = 276937 % x-03431 R=099
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input Signal (ua)



Figure 7a. - Time slewing for signals at the plateau edge
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Figure 7b, ' Time slewing 100V onto the plateau
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Figure 9.

Drift Error for 100mV Noise vs. Cable Length
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Figure 1l0a. Rul06 signals after 100ft of flat cable

At plateau edge
(1517V)

10CV onto plateau
{(1620V)
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Figure 11, Efficiency and drift time measurement setup
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Amplifier Threshold (microamps)

Figure 12.

Chember 6ain vs, High Voltage
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Figure 13,

Efficiency vs, High Yoltage
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Drift Velocity (cm/microsec)

Figure 14.

ft Velocity v lectri ield
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Drift time spectrum for an entire cell

Figure 15.
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- ethane (linearitv)
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in argon

Drift velocity

Figure 16,
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Drift velocity in argon - COj (linearity)

Figure 17.




cosmic rays
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Global time resolution

Figure 18,

through argon - ethane
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cosmic rays

Global time resolution

Figure 19,

through argon - CO,
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Figure 20, ' Time resolution at one point: Rul06 tracks

through argon - COj

12.5ns/bin
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Figure 21. " Electron drift time vs. distance from midplane
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